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Effects of zinc level on low dose cadmium transport in rice plant 
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Abstract The interaction of zinc (Zn) and cadmium (Cd) in soil is critical for the uptake and transport of Cd in rice plants. 
However, the effect of Zn levels on the interactions of Zn and Cd or on the rate of transport of Cd in rice plants is still not 
entirely clear. In this study, rice plant biomass, and Cd transport and distribution in rice plant were investigated in hydroponic 
experiment of mild Cd pollution with exogenous Zn addition. In the experiment, Cd concentrations were 0.01 mg.L ! (low 
dose), 0.03 mg-L™! (medium dose), 0.09 mg:L ! (high dose), and 0 mg:L"! (control); and exogenous Zn were 0.025 mg:L !, 
0.05 mgL 5, 0.1 mg.L !, 0.2 mgL !. The aim of the study was to determine the mechanism of interactions between Zn and Cd 
and to identify the optimal Zn concentration that effectively reduced Cd pollution in rice. The results showed that biomasses of 
different parts of rice plant increased significantly with increasing concentration of Zn. The increase of biomass was highest in 
0.05 mg:L'! exogenous Zn treatment. However, there was no significant increase when Zn concentration exceeded 0.05 mg:L !. 
Due to the low dose of Cd in the experiment, there was no significant variation in rice plant biomass with increasing Cd 
concentration without exogenous Zn. Under Zn-free condition, the ratio of cytoplasm Cd to cell-wall Cd in rice root reduced 
from 2.88 to 1.04 with increasing Cd concentration. With the applying of exogenous Zn, the ratio of cytoplasm Cd to cell-wall 
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Cd showed increasing tendency, especially under 0.03 mg:L'! Cd. Under medium-to-low Cd dose (0.01-0.03 mg: L`’), Zn 
significantly inhibited the uptake and transport of Cd in root, which significantly reduced Cd concentration in rice cytoplasm 
and cell wall. Compared with Zn-free treatment, 0.05 mg-L™! Zn significantly reduced Cd content in rice. The concentration of 
Cd in plant root, stem and leaf reduced by 38%, 71% and 65% under low-dose Cd and by 44%, 79% and 69% under medium- 
dose Cd, respectively. The rate of transport of Cd between roots and stems, and between roots and leaves decreased by 53% 
and 44% under low-dose Cd, and by 62% and 40% under medium-dose Cd, respectively. When Zn concentration exceeded 
0.05 mg:L !, there was no obvious change in the concentration of Cd in roots, stems and leaves along with the rate of Cd 
transport in rice. Under high concentration of Cd (0.09 mg:L !), there was no obvious decline in Cd concentration in roots, 
stems and leaves due to addition of exogenous Zn. Addition of Zn promoted the absorption of Cd by rice stem and leaf. There 
was no obvious antagonism between Zn and Cd under high Cd concentration, although the synergies were obvious. Thus under 
medium-to-low dose Cd conditions, Zn controlled the phyto-availability of Cd due to obvious antagonistic effects between Zn 
and Cd. Application of 0.05 mg-L™ Zn significantly reduced Cd phyto-availability and migration in rice and maximally 
increased plant biomass under low concentrations of Cd in hydroponic cultures. 


Keywords Rice; Cadmium; Zinc; Antagonism; Cadmium transfer 


EH BU SS(Cd)/S RAAE, FAH (Zn) RRB Cd ESE FAIA: 3C4S04:8H;0. ZnSO47H;0s 
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SACAH SB Fi12%~36% TiS EERE = 9.1 mol-L" NaOH 3855 pH 5. 
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Ko Zn REX 0.05 mL” Bj, ZKTÉIRSEDEAEVI ESTAS 
i xEJED(P«0.05), BE Zn REAK, 2kTG^E 7756 
BALES Sib (P>0.05), RAGA ARTF 
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Table 1 Biomass of the roots, stems and leaves of the rice under different Zn-Cd treatments g plant 
FENE IREE = Root biomass LMS Stem biomass HEHE Leaf biomass 
Zn 
treatment CT Cd0.01  Cd0.03  Cd0.09 Cdo Cd0.01  Cd0.03 Cd0.09 Cd0  Cd0.01 Cd0.03 Cd0.09 


Zn0 0.09+0.00b 0.10+0.00c 0.09+0.00b 0.09+0.00c 0.05+0.00c 0.04+0.01c 0.04+0.00b 0.03+0.01c 0.11+0.00c 0.10+0.00d 0.09+0.01c 0.08+0.01c 


Zn0.025 0.08+0.00b 0.11+0.00c 0.10+0.01b 0.09+0.01c 0.04+0.00c 0.08+0.00c 0.04+0.01b 0.03+0.02c 0.07+40.01d 0.11+0.00d 0.08-0.01c 0.07+0.01c 


Zn0.05 0.17+0.00a 0.16+0.00b 0.17+0.00a 0.16+0.0la 0.12+0.00b 0.08+0.00b 0.13+0.00a 0.07+0.01b 0.21+0.00b 0.18+0.00c 0.24+0.0la 0.13+0.00b 


Zn0.1 0.17-0.00a 0.19+0.00a 0.16+0.00a 0.17+0.00a 0.14+0.00a 0.14+0.00a 0.11+0.00a 0.08+0.00a 0.26+0.00a 0.21+0.01b 0.23+0.00a 0.15+0.0la 


Zn0.2 0.17+0.00a 0.18+0.00ab 0.16+0.00a 0.15+0.01b 0.11+0.00ab 0.15+0.01a 0.13+0.0la 0.07+0.00b 0.21+0.00a 0.26+0.00a 0.18+0.00b 0.18+0.00a 
Zn0. Zn0.025, Zn0.05, Zn0.1. Zn0.2 DIREK Zn HAMBA 0 mg:L ^. 0.025 mg: L, 0.05 mgL ^, 0.1 mgL ! 810.2 mgL ', Cd0, Cd0.01, 
Cd0.03, Cd0.09 SSI Cd 8957038 23 8/79 0 mgL™', 0.01 mg L~, 0.03 mg-L7' #1 0.09 mg LL, ARE SE EZ zi TR [e] 2B ZR BES 
BE (P<0.05)o RRMA SEI (B HE. FE Zn0, Zn0.025, Zn0.05, Zn0.1 and Zn0.2 indicated 0 mg:L !, 0.025 mg:L ', 0.05 mgL ', 0.1 mgL! 


and 0.2 mg-L7' Zn exposure, respectively. Cd0, Cd0.01, Cd0.03 and Cd0.09 indicated 0 mg:L !, 0.01 mg.L!, 0.03 mg-L™ and 0.09 mg! Cd 
exposure, respectively. Different letters in the same column indicated significant difference at 596 level (P « 0.05). The results were expressed as mean 


+ SD. The same below. 
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OZn0 E3Zn0.025 WKZn0.05 Zn0.1 @Zn0.2 


Cyt-Cd : CW-Cd 


3 0.09 


0 0.01 0.0 
RvR BE Cd concentration (mg.L ') 


1 FERE Zn, Cd SEES T 7k FAR BDZR BB (Cyt) 55 £f 
BESE(CW)rR Cd & & EEf&(Cyt-Cd : CW-Ca) B93 4 
Fig. 1 Ratios (Cyt-Cd : CW-Cd) of Cd between cytoplasm 
(Cyt) and cell wall (CW) in the rice roots affected by 
concentrations of Cd and Zn in culture solution 

^B] VE SEBERRIBI— Cd WEE FAIA Zn AIEjBISA S 52 
TEZESES Fal. Different letters denoted significant difference under 


the same Cd concentrations among different Zn treatments at P « 
0.05. The same below. 
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Fig.2 Contents of Cd in cytoplasm (A) and cell wall (B) of rice roots under different Zn and Cd treatments 
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0.8 A 
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Fig. 4 Zn on Cd transfer factors from roots to stems (A) and from roots to leaves (B) of rice under different Zn and Cd treatments 
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